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ABSTRACT 


This thesis investigates the feasibility of simulating 
the Landing Signal Officer (LSO)/pilot interaction during 
the approach to a landing on an aircraft carrier. A simu- 
lator was Presited Which duplicated the LSO's operational 
environment through the use of computer-generated visual 
displays. The LSO and the pilot were placed in this simu- 
lated carrier approach environment by 1) displaying a 
representation of the landing area plus a "meatball" and 
angle of attack information to the pilot while 2) simul- 
taneously displaying the aircraft's approach to the LSO. 

Test results demonstrated the basic feasibility of 
Simulating the LSO/pilot interaction and its application 


as a research tool in studying LSO models, wave-off tech- 


niques and landing techniques. 
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I. INTRODUCTION 


This thesis analyzes the feasibility of creating a simu- 
lation of the Landing Signal Officer (LSO)/pilot interaction 
during an approach to a landing on an aircraft carrier. 

Many aspects of the carrier landing system [Fig. 1] have 
been extenSively studied. The pilot-aircraft interface has 
been investigated with respect to auto-pilot and Automatic 
Carrier Landing (ACL) systems. The flight dynamics of the 
aircraft [Ref. 2] and the dynamics associated with the carri- 
er have also been well documented. Aircraft disturbances 
resulting from wind or stack gas generated burble have al- 
ready been identified and reproduced. Human describing func- 
tions have replaced the pilot in some simulators. 

The one area lacking quantitative analysis was the LSO/ 
pilot interface shown as a path parallel to the pilot's in- 
put cues in Figure l. The first systematic study of the 
Landing Signal Officer was completed by Gail J. Borden in 
1969 [Ref. 5,6]. This study stated that one-sixth of all 
carrier accidents reported to the Naval Safety Center during 
a five-year period had the LSO listed as either a contribut- 
ing or causal factor. A more thorough analysis of the LSO's 
role in the carrier landing system was suggested. 

Mr. Borden described many problem areas such as the 
difficulty LSO's encounter in judging pilot/aircraft approach 


performance which were identified by means of data received 





from opinion surveys. He suggested that, especially in the 
area of the LSO's preceptual ability, objective validation 

of the opinion data was necessary. The Naval Air Develop- 
ment Center (NADC) made an analytical attempt to mathemati- 
cally simulate the behavioral characteristics of the LSO- 
pilot combination [Ref. 7]. They continued with this program 
without the benefit of a suitable data base. 

Mindful of its potential usefulness, a Simulation was 
created and subjectively evaluated to see if the LSO/pilot 
interaction environment could be reasonably reproduced. The 
physical presence of the pilot and the LSO would avoid the 
problem of trying to mathematically model them. The focus 
of attention was primarily on displaying to the LSO a picture 
of the approaching aircraft with enough realism for him to 
detect changes in lineup, air speed, angle of attack, and 
position with respect to the glide slope. 

Three already published techniques were combined in the 
construction of the interaction simulation. The aircraft's 
equations of motion derived by Etkin [Ref. 2] were solved 
on an analog computer. Techniques in computer processing of 
three-dimensional structures developed by Desens [Ref. 3] 
were used to generate the displays shown to the LSO and 
pilot. The general procedures used by Kahrs [Ref. 4] to 
Gdisplay a carrier landing picture to the pilot were used 
to construct the pilot side of the simulation. 

The interactions of the final combined system are shown 


Pioweaure Zee The Pilotyewathe the Visual aid of a computer 





generated display [Fig. 3] consisting of a runway, angle of 
attack indicator, and a "meatball", maneuvered the aircraft 
during the approach to a carrier landing. Concurrently, 

the LSO was presented with a visual display which depicted 
the aircraft's approach as seen from the LSO's platform 
[Fig. 4]. An analog computer solved the aircraft's equa- 
tions of motion while a digital computer handled the spacial 
transformations needed for the graphical display [Fig. 2]. 
The LSO's input to the pilot was aural. 

Prior to incorporation into the simulation, the LSO's 
visual presentation was tested to see if a realistic repre- 
sentation of the aircraft's approach could be displayed. | 
An "O.K." pass was matched for realism with "O.K." passes 
observed and photographed from the aircraft carrier "Enter- 
prise". A test program was then set up without the pilot 
in the loop. Each pass was fixed in that the parameters 
(lineup, angle of erence glide slope, or air speed) were 
constant. This preliminary program was then tested for 
validity by having several subjects judge various approaches 
to determine parameter sensitivity and real world discrep- 
ancies. 

The computers used in this simulation were located in 
Spanagel Hall on the campus of the Naval Postgraduate School, 
Montergy, California; however, the techniques used were 
applicable to any comparable computer systems. The computers 
used were: one analog (CI 5000); one 32K digital (XDS 9300); 


and two graphics systems (AGT 10). [Ref. 1]. 
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II. ANALOG AND DIGITAL COMPUTER PROGRAMS 


A. ANALOG 

Reference 2 contains the equations of motion using sta- 
bility axes, small disturbance theory, and non-dimensionali- 
zation. Te one atua ine and lateral equations of motion 
were reduced to a form useful in this simulation. ik SE 
equations and the assumptions made are presented in Appendix 
A, and the scaled version of these equations as solved by 
the CI-5000 analog computer is shown in Appendix B. 

Inputs to the analog computer were the outputs of a 
stick and throttle attached to a seat placed in front of 
the pilot's graphics displays. The outputs of the analog 
program were the inertial coordinates of the aircraft (X', 
Y', Z'), the changes in Euler angle rotation (68, $¢, wW) and 
changes in the Z' component of velocity (w). The inertial 
position of the aircraft was then used to locate the air- 
craft's position with respect to the LSO's position. The 
rotation angles were used to properly rotate the aircraft 
in the LSO's display. The velocity component extracted was 


used to define the airspeed of the aircraft. 


B. AXIS MANIPULATION 
Using the seven outputs of the analog computer, the 
digital computer prepares the data sent to the graphics 


COnpmremeter display {Fig. 6]. The critical factor in 


aed 





processing the inputs for graphical display was the rate 
at which the picture was updated, i.e. loop time. Taking 
a movie projector as a norm, a goal of not more than 18 
updates per second was set. Therefore, time-saving de- 
vices were incorporated whenever possible. Each display 
will now be discussed separately. 

A Pneed by R. B. Desens [Ref. 3] showed a method for 
computer processing a three-dimensional structure for dis- 
play. A thesis by J. H. Kahrs [Ref. 4] applied Desens' 
work to displaying the picture seen by the pilot [Fig. 3]. 

Figure 5 shows an object axis (aircraft axis), an 
inertial axis (pilot's eye glide slope intersection with 
carrier's centerline), and a viewing plane axis (the LSO's 
eye). The following set of matrices were used to transfer 
a set of points described in the object axis to a set of 
points in the viewing plane axis. The matrices will also 
give the view a three-dimensional perspective and control 
its magnification (scale). 

[X v6 Sia Wy) = 


Bae oH 


Object] |Object| |View- |} View-] |.Perspec- 


Axis Ax1s ing ing tive 
[Xonr Youn: 26,72! Rota-| |Trans-| |Plane |] Plane] |}Offset 
eron lation| |Axis Axis Scale 
Trans Jj Rota- 
On 


To obtain the display coordinates, division of the 
homogeneous transformed coordinates must be made by the 


Wy coordinate. Thus: Y DISPLAY = XY, /W 


Zorspiay = 7y/Wy 


flip 





Where 


1. Object Axis Rotation is A A A 





ill 2 3 
A. = cos 8 cos a R 
1 ieee 3 
A, —"GOS)OCESIN G 
ao 
A, = =—- sin 8 
B, = - cos ¥ sin a+ sin yY : : 
1 
Sin B cos Q@ 
B. = cos a cos y + sin y sin ® sing 
Ba = Sin y cos 8 


Ci = sin y sin a+ cos y sin 8 cos a 
C. = - sin yY cos a+ cos y sin 8 sin @ 
C. = cos 8 cos y 


2. Object Axis Translation 


1 0 0 0 
0 1 0 0 
0 0 1 0 
x x Z J} 


OB OB OB 


aad et 


3. Viewing Plane Translation 


ih 0 0 
0 x 0 
0 86°60 1 
aes = Z 





4. Viewing Plane Rotation 
Same as object axis rotation with 
A, = cos a cos 8 


A, = - sin a@ cos y + sin y cos a sin 8 


3 





A. = sin @ sin y¥Y + cos y sin 8 cos a 


3 
By = cos $8 sin a 
Bo = cos Y cos @ + sin yY sin 8B sin @ 
B, = - sin Y cos @ + cos y sin 8 sin a 
Cy = - sin 8 
C. = sin y cos 8 
C. = cos y cos 8 


5. Perspective-Offset-Scale 


1 NB 4 -S/F 
0 1 0 0 
0 0 1 0 
0 Y, Zo S 


Using offset (You Z) it is possible to enlarge 
any section of the picture. This feature is not used 
and therefore 

Y = 0 
O 

Z = 0 
O 

The scale factor (S) used for magnification was 
set at 0.5 (full scale). The focal length (F), used for 
proper perspective was set for the distance between the 
viewer and the surface of the CRT scope. The field of 
view is equal to 

-1 
tan ~ (S/F) 
The translation and rotation matrices were applied 


to the problem of displaying the aircraft on the LSO's 


scope as follows: 
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a. The object axis was the axis system containing 
the lines necessary to draw the aircraft. See Fig. 7 for 


the X M4 Z. axis. See Appendix F for the proper method 


Ba 3B es 


of describing the outline of the aircraft on data cards. 


b. These points were rotated to their new posi- 


tion using the object axis rotation matrix with: 


a = -y 
B = O6 + oe + § 
Y°29 


Since the system was designed to analyze the 
LSO's function in the loop, it was assumed that the pilot 
will only make small corrections to his initial configura- 
tion and therefore small angle approximations were used 
to cut down on loop time. 
c. The object axis was then translated along the 
vector OA shown in Fig. 7. 
ad. The eye of the LSO (viewing plane) was then 
translated to the LSO platform. See Fig. 7. 
e. The viewing plane was then rotated so the LSO 
is permitted to view the approach from any angle (a) 
(Fig. 5]. ALPHA equal to zero corresponds to looking 
directly aft. 
Therefore, in the viewing plane rotation: 


ao 


Y 0 
a = YVPLSO 
This angle of rotation (YVPLSO) is fixed for 


each approach. 
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The view of the carrier deck for the pilot's display 
is Similarly generated where: 
a. The axis describing the carrier deck is the 


object axis (Xoo Noes Z.) see Fig. 7. 


c 

b. The object axis was not rotated. Therefore, 
a= 0, B=0, y = 0. 

c. The object axis translation was the vector AO. 
(See Fig. 7) ' 

dad. The viewing plane was not translated. Therefore, 
Xv rp = typ = 2.7 = 0. 

e. The viewing plane is rotated where: 
a5 - Bp -r6 : 

Any line that extends behind the viewer's eye is 
chopped at its intersection with the plane of the CRT 
screen. Lines that extend outside the square on the pilot's 
screen [Fig. 3] or extend off the scope on the LSO's screen 
are processed through a software window chop [Ref. 3]. 

Once the lines to be displayed were processed through 
the matrices, special software subroutines packed the dis- 
play. buffers of the graphics computer and gave the signal 
to update the display. Figure 6 shows the various steps 


the digital computer performs in converting the outputs of 


the analog into pictures displayed to the pilot or LSO. 


Cc; ANGLE OF ATTACK INDICATOR 
The angle of attack indicator and the"meatball"[Fig. 3] 


were displayed as in J. H. Kahr's thesis [Ref. 5]. The five 


di 








states of the angle of attack indexer are shown in Fig. 6. 


er 
aria. be 
JN 


aN 


ee 2. 3. 4. Be 
State Meaning Range of AOA 

1 Slow Greater than 2.0° 

2 Little slow 0 aero. 207 

3 Optimum 0 Ste. —1.0° 

4 Pitt lemtast 9,0 =to -2.U- 

5 Fast Less than 2.0° 


Figure 8. Angle of Attack Indexer States 


D. MEATBALL 

The meatball was visible within 1.5 degrees of the 
optimum glide slope. The meatball presentation [Fig. 3] 
was located in the middle of the screen for an easier ele a 
scan. Only the center square moved on the screen. The 
rectangular shapes on either side of the meatball repre- 


sented datum lights and did not move. 


a, 





PEt DESCUSSION 


The primary obstacle in modeling the system was the 
time required to regenerate an updated display. Several 
time-saving features were used to keep the regeneration 
time less than .065 seconds. 

1. A fast subroutine to pack the display Barrens was 
used (RTOI). 

2. Small angle approximations were used to draw the 
muEcraLt. 

3. The number of lines used to draw the aircraft was 
kept to a minimum. 

4, The flight dynamics of the aircraft was solved on 
an analog computer. 

Hidden-line removal [Ref. 3] would have been an aid 
for drawing a realistic picture of the aircraft; however, 
its incorporation would have increased the loop time by 
several milliseconds. 

Two expensive hardware update packages for the graphics 
computers would have diminished the loop time considerably 
so that other options could be included in the program. 
The hardware package to window the drawing and the hard- 
ware to three-dimensionally rotate an axis system would 
have been helpful since the software equivalence of these 


items comprised a major portion of the loop time. 
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Several potentially enhancing additions were not in- 
cluded in this feasibility study. An audible noise 
generator linked to the pilot's throttle would aid the 
LSO in determining the pilot's response to his instruc- 
tions. A visual representation of the aircraft's exhaust 
would be heIpful for the same reason. Isolating the 
pilot and LSO stations would decrease distractions. 

Once an approach is completed, the LSO critiques the 
pass and his judgment can be checked against graphs of 
the actual glide slope or lineup which are displaced on 
the scope. This feature enables one to determine the 


ability of the LSO to judge correctly the actual approach. 
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IV. RESULTS AND CONCLUSIONS 


The LSO display was created and tested to see if devia- 
tions from the optimum glide-path could be detected. Each 
approach was run on a constant glide-path which could be 
above, Below . right, or left of optimum. The aircraft's 
angle of attack could also be changed for each aoe 

This preliminary model was tested using five subjects 
who were not LSO's. Each subject was shown several optimum 
approaches and several approaches with non-optimum condi- 
tions. The student was then given approaches in which he 
had to recognize the non-optimal condition. 

These tests showed that the subjects could judge lineup 
within 20 feet of center line. The difference between a 
ramp strike and a bolter was easily recognized. Even angle 
of attack changes of five degrees or more were noticed. 
Although the subject was unable to discern deviations from 
optimal for every aerronche his relative difficulty with 
three parameters (lineup, air speed, glide-slope) was the 
same as the results of a survey questionnaire given to 
LSO's which ranked these parameters from least to most dif- 
ficult to recognize [Ref. 5]. Deviations in altitude were 
harder to identify than for an actual approach. 

The large threshhold of distinction for parameter 


changes and the lack of ability to determine altitude was 
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attributed to the lack of training of the student and the 
lack of a dynamic aircraft. 

The analog solution of the flight dynamics of an A-7E 
was used to give the aircraft the needed motion. The abili- 
ty of the analog computer to accurately desScribe a specific 
aircraft was not germane; however, the model was checked 
for proper correlation with the A-7E. Correlation of long 
and short term modes and the ratio of an aileron step input 


to the change in velocity in the Z' direction are shown 


below. 
ACTUAL ANALOG MODEL 
Long term 65.8 sec 65.1 sec 
Short term 4.85 sec 4.85 sec 
de /DW 35 17 oO 


The interaction among the pilot, the chair, and the pre- 
sentation on the pilot's scope was tested by the J. H. 
Kahr's [Ref. 4}. Kahr's concluded that "sufficient visual 
cues are provided to enable consistent landings by experi- 
enced pilots." 

The simulation presented in this thesis demonstrated 
the Peet eit of using a hybrid computer linked to graphic 
output to present an environment where the interaction of 
the LSO in the carrier approach landing system could be 
studied. This program could be used ag a basic tool to 
study the LSO/pilot interaction; however, improved hardware 


capabilities would enable more extensive studies. 
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Figure 2. Allocation of Computer Functions. 
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Figure 3. Pilot Display. 
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Figure 4. LSO Display. 
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Figure 5. Coordinate Systems. 
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Figure 6. Flow Diagram for Spatial Transformations. 
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APPENDIX A 


SUMMARY OF EBQUATIONS OF MOTION 


Etkin's [Ref. 2] longitudinal and lateral equations 


are reprinted below: 


Longitudinal 
(2uD - 2c, tan 84 - Cy ju - CL + Cy = 
O u O 
(2c, + Co Ju + (2uD - Co, - Co ya 
O u O Oo 
-[(2u + Cy yD - Cy, tan 61° - Cy q = 
q O nN 
- : 2 
eee > (CC DEC jot Ci, DEC =e 
u O O q 
= (C" Dec) n= 
= ™y 
ee <n = c 
where LH = DSh t = : X= 5 
Oo 
Lateral 
(uD - Cc )B-C pt (4u-Cc )r-c 6 
Ypg Yp ee Lo 
oC ae. = 
Yr 
_ Cy R + (i, D- Cy ho ite (1, D + Co )xr 
B p 6 
- (c b+cC, JE =€, € = 
R R Y 
E eg C 
-C, RB — (1, D + Cn Dae (1, D- C, ig 
B Pp a 


- ie E - ae D + a a 
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as) 


(2) 


(3) 


(4) 


(5) 


(6) 





The following substitutions and assumptions were used 
to reduce these equations to a more usable form. 


In General 


=." 7d a = 2 = v_. 
on™ * Ft oS Be 5 
Oo Oo 
U=u tu p = 1, u 
Oo a 2 oO 
- Oo 
Longitudinal 
cee) ip - 
DO nC psc oO 
Equation 1 
(oT/du) . 3C), 
C = ~ 2(C a eee 
Xn Pa S Do Ly oO oM 
Oo 
Cy = cr ~ Co 
O Oo ao 
where 
(oT/odu) oC 
Oo | 1D 
Te ee ee ae 
do 


Equation 2 


dC 
a ia 
ae 0) 
u 
C = -(C + C. ) 
Jy Ly . 
C= 2 Cn. 
a q 
0 
n 
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Eguation S 


C= 10 co =e y eC 
my Mm, e H Ms 6 
Lateral 
2 ace A eth 
p= 2a se 2u SS ORM 
O Oo Oo 
eae Toa) 
wae ® 3 to 7 3 
2 o Sb Oo SB 
ee 3 2m le 
Cc 9 Sh? oSb 2u, 
Equation 4 
C c= FC 6x 
Equation 5 
Cc = C C = 0 
he Re 2 
C = C 
hy Xe 
Equation 6 ; 
C =E=_G CG aa" 0 eC =8Cc 
ny Ne. n; n Ns. 


As a result of the above substitutions and assumptions, 
the following equations resulted and were solved by an 


analog computer. 
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remaining equations are reprinted from p. 122 Ref. 
g v3) 
p +r tan aS (14) 
r sec Oy C15)) 
u_ cos 8 + ucos @ -u§ sind +0980 w (16) 
O O O O O O 

U, w cos 8 + Vv he) 
- u. sin 8 - sin @u- u_8 cos 86 +w cos 8 (18) 

O O O O O O 


Equations 7-18 were scaled and solved on the C1-5000 


analog computer as shown in Appendix B,. 
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THE ANALOG PROGRAM 
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A014 
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A013 
Vv 
PO15 
6 
—O- 
E023 


34 





P030 


PO31 


P034 


P036 


—W 


A016 


A021 


A017 


tO 
© 
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POQ026 


A022 A027 





A024 


A023 


PQ35 g 





A052 A003 
P054 : : T504 





A076 A011 





P413 


T500 
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P047 24030 A031 





POSI 
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A206 


T106 
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POO] 


PO002 


P003 


P0004 


PO0O5 


P0006 


P007 


P010 


PO1l 


PO12 


PO13 


Il 


Ps S b Co SCV 
O B 
L u SCP 
xx a0 
Z 
Ps Cy S b 
Oo 
2 I 10) 
xX 
° 2 
P S bb’ C SCR 
d g 
Oo r 
L 2u SCP 
xX 
Pa S B Co SCDA 
Oo 6a 
ij SCP 
xX 
Ps S b Co SCDR 
Oo Os 
L SCP 
XxX 
SCR 
XZ 
SCP 
xX 
P S bc SCV 
dad n 
O B 
L u SCR 
ZZ 
2 
P Sb C SCP 
dq. n 
ee Pe 
L 2u SCR 
ZZ Oo 
2 
Pa Si ba C 
Oo Ta 
I 2u 
ZZ 
Pa S bC SCDA 
Oo 6a 
I SCR 
ZZ 
Pa S b7¢ SCDR 
Oo 6x 
L SCR(10) 
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I, » SCP 
PO14 = = oR 
ZL 
a S a 
POTS = 
m Ri 
O 
De SbC. SCP 
© Yo 
PO16 = 2 mu SCV 


25 Yr 
OT 2 mu SCV 
© 
Pees C SCDA 
P020 = one 
™m SCV 
P. sc SCDR 
qd, Yor 
Eee = Fs SCV LO) 
Pa. S ae SCPH 
Bee ee - SCV (10) 
Seu SCR 
E02) scv_tro) 
Dp we ea) 
po24 = —2 = 
; u 
" O 
Pa. SaGe 
P025 = = 2 
yal u 
© 
“Pa. S Poe SCTH 
P026 = — 
OTe SCDi 





P030 


PO31 


P032 


O33 


P034 


POQ35 


PO 36 


PO 37 


P040 


P04] 


P042 


P413 


-2 Pa S Cr SCU 
Oo Oo 
m Uy SCW 
= (Cc, + Cy, ) Pg § 
a O O 
m u 
Oo 
~ Ce Pa S (tan 8) SCTH 
O Oo 
SCW 
Up SCO 
SCcW(10) 
P, S cc. scu 
m 
0 u 
i u SC 
YY oO . 
Pew SECS | SCW 
d m 
O CO 
I u SC 
YY oO 2 
P. so-c_ scw 
d m° 
O 
2 
i Se 
YY oO 2 
-2 
Py Sc on 
Oe ee 
2 Ii u 
YY oO 
Pa S irc SCDE 
m 
O se 
a SCQ (10) 
yy 
tan 6 SCR 
aoc Oi 
SCPH 


sec 8 SCR 
SCSI 


ll “CcOS CU 
O O 
SCX 
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P044 


P0045 


P046 


P047 


P417 


P050 


PO51 


P0052 


P053 = 


P054 


POQ55 


PO56 


P057 


P405 = 


P406 
P407 


P416 


cos 86.  SCU 
Oo 


SCX 
- u. sin 80 SCTH 
O O 
SCX 
oF SCW 
SCX 
u cos 6_ SCSI 
Oo Oo 
SCY 
- u_ Sin 8@ 
Oo Oo 
SCZ 
750 
- sin @_ SCU 
Oo 
SCZ 
- u_ cos 8_ SCTH 
Oo Oo 


SCZ 


cos oe SCW 
SCY 


SCQ/SCTH 


SCP 


(10) SCPH 
SCU/SCY 

Ome 
~1716 (BIAS) 
-.0576 (BIAS) 
-,0963 (BIAS) 


-.0594 (BIAS) 
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APPENDIX C. 


Read in A/C 
Data (Size, 
Stability 
SGOnRE os CCG. 









Read in 
Scale 
Factors 


Compute COEF 
for Unscaled 
Equations 


Scale 
Coefficients 


Divide-by 
hOGieie DOL 
setting too 

large 





Set 
Analog 
Pots 






DIGITAL PROGRAM FLOW CHART 
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Clear 
Displays 


Display 
Title 






Read: G_, 
Oo 


Shiplines, 
A/C lines 













Read: 
LSO location, 
Scale factor, 
Focal length 


Read: LSO 
Look Angle 
A/G Initial 
Starting Posit 


















Generate: 
Constants, 
Move draw 

array 











Display 


Display 
Pilots 
Window 


Prepare for 
display of 

Carrier Deck 
to LSO 
















Prepare. for 
display of 
Carrier Deck 
to LSO 





Translate 
and Rotate 
LSO 
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Viewing 
Plane 
Chop 





Window 


Display 
Carrier 





Start regen- 
erating loop 


Create hori- 
zon array fo 
Pilot's view 





Call ADK 
for x We, 2" 
H ,W, Oy W 





Descale 
Values 











Store Values 
for Glide 
Slope Lineup 


Display 
Aircraft 






Yes 





Rotation of 
Aircraft for 
LSO View 





Translation 


LSO- 
Rotation. 





Rotation 
of 
Carrier 


Perspective 
Offset 
Scale 
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Viewing 
Plane 
Chop 


Perspective 
Offset 
Scale 


Window 


AOA Display Decision 
eee) DEG 

fee cOeZ.0 sDEG 
, Jee) ile) HL Gyr ate, 

1 top-2.0 "DEG 





0 
2 





& Carrier 
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Display 
"Crash" 













Glide Slope 
Graph 





for Terminate 


restart 





May read in new 
data at this time 
or end the Program 


Terminate 
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AIXX 
ALXZ 
ALYY 
ALZZ 
ALPHA $¢ 


AMBX 


ANGL 


AOA 


CB 
CDA 
CDO 


CHECK 


CLA 

CLO 
CNST 1 
CNST 2 


CNST 3 


CNST 4 


CNST 5 


CTHO 


APPENDIX D 


PROGRAM VARIABLES 


Moment of inertia about the Xp axis 


Product of inertia 


Moment of inertia about the Yp axis 


Moment of inertia about the Z axis 


‘Initial angle of attack (a) 


Array of vertical position of meatball 
lines 


Actual glide slope angle of the aircraft 
Angle of attack 
Wing span 


Mean aerodynamic chord (c) 


X' distance from LSO to the starting 
position of the aircraft 


9 + Go 
CNST 1 + 8 


Maximum position of the meatball before it 
goes off the lens 


O.0:5/ Joie 


Distance from starting point of the A/C 
to the stern of the carrier 


cos (O.) 
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CYAW 


DIFF 


F 


FLG 


HINSCT 


aT 


I5 
JAC 


JAGN 


LBOGUS 


IFAST 


IGDIRn 


LSLO 


IMBMD 


ION 


Ee LC 


IPLOT1 


cOs (Y) 


Difference between actual glide slope 
angle and ideal glide slope angle 


Focal length for use in prospective matrix 


Flag which is set when aircraft is past 
the LSO 


Horizontal intersection of a line, oo 
in the software window 


Integer variable, usually a counter 
Number read from LSO'’s input to determine 
whether the restart, present a graph, or 


terminate option is wanted 


First point in XKEEP array with a value 
less than 2000 ft 


Number of data cards needed to draw the 
aircraft 


A counter used to check the number of 

times a point has gone through the software 
window 

A packed, bogus array used to maintain con- 


stant loop time after the aircraft passed 
the LSO ’ 


Packed array for a fast AOA display 


Graphics directory for AGT #n. Can use 
elght graphics blocks maximum 


Packed array for a slow AOA display 
Move draw array for the meatball 
Packed array for an on speed AOA display 


Packed array with the fixed display shown 
to the LSO 


Array of fixed coordinates for graphical 
glide slope or lineup display 
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IPLOT2 


LPLOT 3 


ISQ 


ITDIRn 


ITEST 


ITEXnn 


IX/1IY 


NAC 


NB 
NL1 
NL2 
NL3 
NL4 


NLAND 


NLC 


Packed array to store actual glide slope 
track for graphing 


Packed array to store actual lineup track 


Packed array for fixed graphics shown to 
hep pilot 


Text directory for AGT #n. Maximum of 19 
text blocks allowed 


Decision variable to read in new data 
information or terminate the problem 


Line of text sent from the digital computer 
to the graphics computer 


Operating values of start/end points used 
in software window 


Number of points to be plotted on the 
graphs 


Integer variable used as a counter 
Counts once for every 10 regenerating loops 
Aircraft mass 


Move draw array for the runway and meat- 
ball presentation to the pilot 


Number of data cards necessary to describe 
the aircraft 


2* NL4 + 1 

NLSHIP + l 

NLSHIP + 2 

NLSHIP + 3 

NLSHIP + 4 

Number of lines needed to draw landing area 
as seen by the pilot. One line per data 


card 


NLAND + 1 
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NLC1L 
NLC2 
NLC5 
NLC6 


NLSHIP 


ONEDEG 


ONEHAF 


2 


RAT 


EST 


SCDA 
SCDE 
SCDR 


SCDT 


SCTH/SCPH/SCSI- 


SCU/SCV/SCW 


SCX/SCY/SCZ 


SLOPE 


2 * NLC 

Zee NLC 

NEC se 

NLCl + 6 

Number of data cards needed to represent 
the lines which outline the carrier deck 


as seen by the LSO 


Limit for AOA display. Equals one degree 
in radians 


Limit for meatball display 


Working matrix for aircraft stability 
derivatives 


Scaled > (change in roll angle from 
initial conditions) 


Scaled yp (change in‘yaw angle from 
initial conditions) 


Dynamic pressure 


Wind area of the aircraft. Also used as 
the scale factor in the prospective matrix 


Scale factor for maximum aileron deflection 
Scale factor for maximum elevator deflection 
Scale factor for maximum rudder deflection 
Scale factor for maximum thrust 


Scale factors for maximum values of 


8/o/and 


Scale factors for maximum velocity change 
in the u/v/w directions 


Scale factors for maximum travel in the 
XiVyY'/Z* directions 


Slope of display line, used in software 
window 
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STERN = 


SYAW - 
STHO a 


TEMP1+2 = 
THETA es 


THO - 


TWODEG = 


ud = 
VINSCT a 


WIREn - 
X/Y/Z a 


X0/Y0/Z0 = 


XAC/YAC/ZAC 


XACn/YACn/ZACn- 


XEn/YEn/ZEn - 


XELND/YELND/ 
ZELND = 


XESHIP/YESHIP/ 
ZESHIP = 


Distance from the FRESNEL LENS to the 
Round-down 


Sin (Y) 
sin (TH) 


Temporary storage for a point on the 
horizon 


6 (change in angle of climb from the 
initial condition) 


86, (initial angle of climb) 


d 


Limit for AOA display. Equals two 
degrees in radians 


Ue (initial aircraft velocity) 


Vertical intersection of a line used 
in the software window 


Scaled change of velocity in the Z' 
direction 


Distance from the FRESNEL LENS to the 
nth wire x, n = 1,2,3,4 


SCELegai inertial 977 72° positions of 
the aircraft from its starting position 


Position on the carrier deck where the 
LSO's eye is located (measured-in the 
Xue Yue Z axils system [Fig. 5]) 
Coordinate system in which the aircraft 
is drawn (X,Y, 72, 1 BEG <5.) 


Working vectors for aircraft data 


Working vectors to handle carrier deck 
points 


End point for lines that represent the 
landing area as seen by the pilot 


Working vectors used to process carrier 
deck graphics as seen by the LSO 
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XESHP/YESHP/ 
ZESHP _ 


XINIT/ZINIT - 


XKEEP /YKEEP / 
ZKEEP ~ 


XSn/YSn/ZSn - 


XSLND/YSLND/ 
ZSLND - 


XSSHIP/YSSHIP/ 
ZSSHIP - 


XSSHP/YSSHP/ 
ZSSHP - 


XT/YT/ZT : 


XTL/YT1/ZT1 


YMB _ - 
YTEMP - 


YUPLSO = 


z, = 
ZINE = 


ZSAVE = 


End point of lines describing the carrier 
deck 


Starting position for the aircraft 


(measured in XrY eS. axis system with 
Ye = 0.0) 


Array holding inertial X/Y/Z position of 
the aircraft for use in the glide slope and 
lineup graphs 

Working vectors used to handle carrier 

deck points 


Starting point for lines used to draw the 
landing area as seen by the pilot 


Working arrays used to process carrier deck 
graphics as seen by the LSO 


Starting point of a line used to describe 
the carrier deck as seen by the LSO 


Inertial distance from the LSO to the 
alimmcrat eGuyz." ) 


Inertial distance from the pilot to the 
Origin of the Krk or S ax.Se[FiLG. 5) 


Value used in software window, also used 
as the scaled Y' position of the aircraft 


Array containing the horizontal position of 
the displayed meatball 


Temporary storage for Y-coordinate in 
software window 


Yaw angle of the viewing plane of the LSO 


Value used in software window, also the 
scaled inertial Z' position of the aircraft 


Distance from aircraft starting point to 
the water 


Save the value of Z because of its dual 
use in the window 


az 





APPENDIX E 


OPERATING INSTRUCTIONS 


The program exists in two forms. A card deck which must 
be input through’the card reader is available in the computer 
room in a box marked "Pilot/LSO/aircraft interaction." The 
program is also located on a tape marked in the same manner 
as the box. This tape is a core dump and doesn't give a 
listing when used. Use of the tape requires about 15-20 
minutes less to set up. 

Operating instructions for the various computers is lo- 
cated in the computer room on the fifth floor of Spanagel 
Hall. 

1. Load the tape marked "Pilot/LSO/aircraft interaction" 
or place the large deck of cards in the card reader, 

2. On the Tape Control Panel: Put tape at the load 
point, select automatic, set unit select to #1. 

3. If the large card deck is used, mount a scratch tape 
and omit step 4. 

4, Put the card deck marked "For use with tape" in 
the card reader. Ready the card reader. 

See Push IDiUR, RESET, RUN@eCARDS OnecheryxXDS 93010 con- 
trol panel. 

6. Mount analog and logic boards numbered 21 onto the 


im 5000. 
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7. Press "Digital Computer" on the analog control 
panel. The only lights that should be on are LOCAL, POTSET, 
EDC-X1, REAL TIME, and CLOCK1-—-H. 

8. Seven pots must be set manually. A list of these 
pots and their values should be listed on the XDS 9300 
teletype. Set the seven pots. Return the analog to "Digi- 
fal Control." 

9. Set the pilot's chair in front of the AGT #2. 

10. Ready both AGT units and set in GATDI1 by typing: 

RESET ("GATD1", 104)! 
GATED! 
If "FILE NOT FOUND" appears, type 04 vice 104. 

ll. The program asks the operator to type a one (1) 
on the XDS 9300 teletype "to continue." The program will 
have to be reloaded if both AGT units are not ready when a 
1 is typed. Type al and a carriage return on the XDS 9300 
teletype. 

12. Text should appear on both AGT scopes. At this 
point the AGT-l teletype has control of the problem. Follow 
the instructions on the scope. 

a3. After an approach has been completed, the LSO has 
three options: 

a. Begin a new approach. 


b. Have displayed a graphical output of glide scope 
and lineup results from the approach. 


Game luerminatel (i Je give control back to the proctor) . 


If terminate is selected, the following will appear on the 
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XD5-9300 teletype: "Type 1 to Read new data, Type 0 to 
Stop". The proctor, at this point, may change any data 
card and place the data deck (without the control cards) 
in the card reader. Then type a 1 on the XDS-9300 tele- 
type and go to’ step ll. 

14. The -program is ended by typing a zero instead of 


a one on the XDS 9300 teletype. 
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APPENDIX F 


PREPARATION OF DATA DECK 


Card 1-7 

The first seven cards are used to read in non-dimen- 
sional Mea stability derivatives and other aircraft 
parameters. Ten spaces are provided for each number. 
Slots 1-10 are used for the first number ange card, 11-20 
for the second number, etc. The first seven cards and 
their contents are listed below. Note: All non-dimensional 
derivatives are per radian except as noted. 


= 2 2 
ls Sit jem oO (tej CULL I, (slug-ft ), 1 MAES) 


2 2 
I, (siug-ft a I, (slug-ft ) 


2. Co « Co + Cy + Cy (per deg), Cy (per deg) 
8 p r Ja 6x 

oS" Co ; om , Cc. ; = (per deg), om (per deg) 
8 p x éa Sa 

Ge Coli C... -2 CT (per deg), C (per deg) 

Ty Bhs a Yor 

5. C ; Co ; Cae? Ch i C_ (per deg) 

u o} O q de 


ae) CC. . Cl Ce; Ue (ft/sec) 


fie Oo A/C mass (slugs) 
Note: Use a decimal point with all numbers. 
Card 8&9 


The next two cards contain scaling values. Again, ten 


Spaces are provided for each number. Use scale values for 
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the following variables: 


BOs s6C, OSs 20 Oe oe eas, 


pe 
9. o, BW, X', Y', 42', Pp, G, X 

10. ALPHA zero in the first 10 spaces. 

ll. The next set of cards describe the lines which repre- 
Scm@emencmcariter sdech seen ay Ehe SOR The first card 
contains the number of lines needed to draw the ship 
(NLSHIP-I2). NLSHIP is the number of cards that follow 


Since each line used to draw the ship uses one card. 


a Z 


The next NLSHIP cards are prepared using the Xue Yo z 


axis system [Fig. 5] with its origin fixed to the carrier 
deck as the point where the center line of the angled deck 
meets a line perpendicular to the center line and going 
through the FRESNEL LENS. The positive Xe axis points 
toward the bow of the ship, the positive Yo axis points 
toward the port side of the ship. 


axis system, the lines de- 


= 


Expressed in the Xae Yue Z 
scribing the carrier deck are put onto cards as follows: 

Columns 1-10,°11-20, 21-30 the coordinates of the 
beginning of a line. | 

Columns 31-40, 41-50, 51-60 the coordinates of the end 
of the same line. 

The next set of cards outline the aircraft. The first 
card contains the number of cards needed to describe the 
aircraft (NAC). Format 12 


The axis system used is (Xi, Y Z,) (Fig. Si with the 


BY’ 


Sreigimo at time center of gravity of the aircraft. The 


el 





positive X, axis points toward the nose of the A/C, the 


B 


positive Y, axis is out the left wing and the positive 2 


B 


axis is up. In this axis system, put the coordinates of 


B 


all intersecting lines in column 1-10 (X,), 11-20 (Y,), 
and 21-30 (Z,). In column 31 place a zero to move and 
a 1] to draw a vector. 

Maximum number of lines is 60. 

The next card contains the number of cards following 
which describe the landing area as seen by the pilot. 
Formal I2. The program had five lines drawn and represent 
a rectangular runway 1000 ft. long and 100 ft. wide. It 
is recommended that these cards remain the same since more 
lines would increase the loop time. If these cards are 
replaced, the format and axis system is the same as the 
one used in describing the carrier deck as seen by the LSO, 

The next card contains in: columns 1-10, 11-20, 21-30, 


the position of the LSO's eye expressed in the Kos Ne pine 


Cc Cc 
axis system; in column 31-40 the scale factor (S) equal to 
1.03; in column 41-50 the focal length (F) equal to 20 feet. 

The next card contains the number of degrees the LSO 
moves his head and this his field of view. A positive angle 
1s equivalent to moving his head to the left. Use column 
10 

The next card: Column 1-10, 11-20 the Xo and Yo start- 


ing position of the aircraft. (XINIT and YINIT) 
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THesiasi Careecontarns! #n column £410, 11-20, 21-30, and 
31-40 the distance between the FRESNEL LENS and the #1, #2, 
#3, #4 wire respectively. Columns 41-50 contains the dis- 


tance from the FRESNEL LENS to the stern of the ship. 


oo 





Oo 2 Pee 


N 
A 
C 


GHmHOE & 





Wire l Wire 2 Wire 3 Wire 4 Stern 


f/f KINIT YINIT 
/ YVPLSO = a 
XO YO 70 S FO 


NLAND?>NUMBER OF CARDS TO FOLLOW WHICH DESCRIBE 
THE PILOT VIEWED LANDING AREA 


/ NAC*NUMBER OF CARDS TO FOLLOW WHICH DESCRIBE 
THE AIRCRAFT 


11 NLSHIP*NUMBER OF CARDS TO FOLLOW WHICH DESCRIBE 


THE SHIP (12) 


10 a 
Oo 


/ 8&9 SCALING PARAMETERS FOR ANALOG COMPUTERS 


7. 0, A/C MASS (SLUGS) | 


/ 1-6 A/C CONSTANTS 


Data Deck Sample 
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